Forty-two below-average readers, between 7 and 10 years of age, were given single-word training, phrase training, or no training. Trained children learned to decode target words quickly and accurately, using flashcards; untrained children only discussed the target words and read them once. Trained and untrained children read aloud passages containing target words and were tested on their comprehension. Trained children had better comprehension than did the untrained children when questioned about passages and asked to retell them. Results suggest that an emphasis on rapid word recognition benefits poor readers.
limited resources. Hence, by putting pressure on attentional capacity in order to decode words, less attention will be available to process the meaning of the text.
The theoretical rationale for the study is also linked to the "bottleneck hypothesis" put forth by Perfetti (1977) and Perfetti and Hogaboam (1975) to explain the relationship between word recognition (i.e., decoding), speed of reading, and reading comprehension. According to this hypothesis, inefficient decoding processes will take an excessive share of mental resources available for comprehension, and will produce less efficient comprehension. This proposal has been further elaborated by Perfetti and Lesgold (1977) and Perfetti (1985) as "verbal efficiency theory," which emphasizes rapid automatic decoding as a primary factor in reading comprehension.
The relationship between fast decoding and comprehension is not simply that the faster you read the better you comprehend. Carver (1990) has shown that, in fact, individuals increase their comprehension when they are given more time to read. This takes into account the influence of text difficulty. Some texts will take more or less time to comprehend. The notion of verbal efficiency, however, applies only to word recognition, which needs to be automatic, enabling full use of one's cognitive resources for comprehension, which may involve varying amounts of time, depending on the difficulty of the text.
It has been argued (Gough & Hiilinger, 1980 ) that reading consists of decoding skill and linguistic comprehension. Gough and Tunmer (1986) have called this the "simple view" of reading. In this view, decoding skill is independent of linguistic comprehension, in that decoding involves the ability to read pseudowords such as "poon" or "cosnuv," which have no meaning at all. Likewise, linguistic comprehension involves processes that are independent of decoding, in that they are essentially the same processes that operate when one is listening.
However, there is evidence to suggest that decoding is not independent of linguistic comprehension (Cromer, 1970; Cramer & Wiener, 1966; Oaken, Wiener, & Cromer, 1978) . According to Oaken et al. , "a high level of identification skills may not be a sufficient condition for the occurrence of adequate reading comprehension" (p. 72). In their study, they found no improvement in the reading abilities of poor readers after they received word identification training independent of context. Cromer (1970) has argued that another requirement is necessary, that learning to read must be augmented by the ability to group words meaningfully into patterns (e.g., phrases, sentences). In this way, pupils are made aware that words exist in larger language units and that words are not to be learned as unrelated lists that are unconnected with one another.
A simple test of the importance of decoding as an independent skill would be to train students to recognize words more rapidly and to see if this leads to improvements in reading comprehension. This has been done in a number of studies, with inconclusive results. In an often-cited study, Fleisher, Jenkins, and Pany (1979) trained fourth-and fifthgrade poor readers in rapid decoding by using flashcards. In one experiment, they used single-word training; in another, they used phrases. After training, the pupils read a passage containing the key words. The training did improve word recognition speed and accuracy for the trained words, but this did not transfer to improvements in reading comprehension.
The Fleisher et al. (1979) results have been questioned by Blanchard (1980) , Blanchard and McNinch (1980) , and Holt-Ochsner and Manis (1992) . Yet, inconclusive results similar to those of Fleisher et al. have been obtained by Samuels, Dahl, and Archwamety (1974) , using similar single-word training procedures. Oakhill (1988, 1991) have also reported inconclusive results of training in rapid decoding. Their findings suggested that the problems of poor comprehenders were not a result of poor decoding. Statistically nonsignificant results of rapid decoding practice have also been reported by Van Den Bosch, Van Bon, and Schreuder (1995) , although the training in their study involved pseudowords rather than real words, and the comprehension task involved semantic verification of true and untrue sentences rather than reading of passages.
The failure of these training studies to improve poor readers* comprehension of text has led to some negative conclusions in textbooks on the psychology of reading. Rayner and Pollatsek (1989) , for example, stated that "Merely training a child to say words quickly will not necessarily result in improved comprehension" (p. 391). A similar conclusion was reached by Just and Carpenter (1987) , who commented that "Efficient word recognition is not sufficient for good reading. A number of training studies that improved the word-recognition speed of poor readers did not find commensurate increases in their reading level" (pp. 458-459) .
However, we recently replicated the Fleisher et al. (1979) . study with a small sample of adult English-as-a-secondlanguage learners (N = 4), using a multiple-baseline repeated measures design, and were able to obtain gains in comprehension, although the gains did not continue in the reversal phase (Tan, Moore, Dixon, & Nicholson, 1994) . These data suggested that further research was warranted.
Hence, the present study took another look at the effects of training in rapid decoding by repeating once again work done by Fleisher et al. (1979) . Our study differed from the original, however, in several ways. First, there was more contrast between the single-word training and the phrase training, in that the phrase training used short sentences as well as phrases. Second, pupils were given more extensive training, involving more passages. Third, the test passages were less difficult to understand. Fourth, the training of isolated words was accompanied by some explanation of the meanings of the words when it was apparent that pupils did not know what the words meant. As a result, pupils in this study may have had a better understanding of the meanings of the trained words than in the original study.
In other respects, the present study was similar to Fleisher et al. (1979) in that the training involved poor readers and flashcards, and the assessment of reading comprehension involved the reading of passages, answering questions, and recalling what each passage was about. It was expected that single-word training may not have a positive effect on comprehension, which was the finding of previous researchers. However, it was expected that phrase training, which emphasized context, might have positive effects.
Method

Participants
There were 42 pupils in the study (24 boys and 18 girls), including twelve 7-year-olds, twelve 8-year-olds, nine 9-year-olds, and nine 10-year-olds. The pupils were all from the one school, which was located in a low-income suburb in Auckland, New Zealand, and was attended by pupils from a range of cultural groups. The sample of pupils selected for the study came from a group of 54 children who were identified by the school as belowaverage readers, based on their performance on an informal prose inventory, which was made up of a series of graded passages (Department of Education, 1983) . As a result of further screening with other reading tests, 12 pupils were dropped from the original sample, leaving a final sample of 42.
Screening Measures
The main pretest screening measure was the Neale Analysis of Reading Ability (Neale, 1989) , which was used to measure reading comprehension, reading rate, and reading accuracy levels. The test consisted of six graded passages for use in assessing pupils in the 6-12-year age range. In this test each passage was read orally by the pupil. This task was followed by a set of questions to assess comprehension. According to the test manual, the Neale test has good reliability ranging from ,81 to .93, at each age level.
Pupils were also assessed for phonemic awareness, using the Roper test of phonemic awareness (Roper, 1984) , which has 42 items. An easy item on this test involves segmentation (e.g., Say "at." What are the 2 sounds in "at"?). A hard item on the test involves deletion and substitution (e.g., Say "run." Instead of "n," end the word with "g"). According to Juel, Griffith, and Gough (1986) , this test has reliabilities greater than .70.
The final screening measure was the Bryant Test of Basic Decoding Skills (Bryant, 1975) , which has 50 items. The first 20 words are simple consonant-vowel-consonant words (e.g., "fev"); the next 20 are more complex single-syllable words (e.g., "blor"). The final 10 words are multisyllable (e.g., "uncabeness"). According to Juel (1988) , reliabilities range from .90 to .96.
Design
The purpose of the screening tests was to select three matched groups. The selection was done in two phases. First, pupils within each chronological age group who had similar comprehension scores, varying by no more than 5 months in reading age, were assigned to matched triplets. Each pupil in the triplet was then randomly assigned to one of three conditions: single-word training, sentence training, or a control condition. The other two screening measures acted as a check on the initial selection. In each of three training conditions of 14 children, there were four 7-year-olds, four 8-year-olds, three 9-year-olds, and three 10-year-olds. Each of the pupils in any one condition was matched with another of similar chronological and reading age, located in each of the other groups. In short, each condition included the same number of pupils at each chronological age, who were each in turn matched with pupils of a similar reading level in the other conditions.
Training Program
Each pupil in each training condition was given five training sessions; each session lasted about 20 min. Each pupil was trained and assessed individually. There was no group training or assessment. Each training session focused on words from a single story. The five sessions thus covered 5 stories. Because there was a range of ability and age levels within each group, 25 different stories were used, selected from the New Zealand School Journal for the years 1975 -1987 (Ministry of Education, 1989 , as well as from three commercial reading programs: Literacy 2000, Literacy Links, and Jelly Bean Books. The stories varied in length according to the reading level of pupils in each group. At the 6-year reading age level, the length was 100-300 words; at the 7-year reading age level, it was 200-300 words; at the 8-year level, it was 300-500 words; and at the 9-year level, it was 350-450 words.
For each pupil, only stories that were suitable for their reading age were given to them, based on grading provided by the School Journal Catalogue (Ministry of Education, 1989) and manuals accompanying the commercial materials. Although a number of different stories were used, the matched triplets in each training condition were each given the same stories, or parts of stories, to read. In this way, the effect of story content and difficulty was controlled.
The words to be trained varied in number. The general rule was to select 7-8% of the total number of words in the passage. For example, a passage with 120 words had 10 words selected from it to form the word list, whereas another passage of 300 words had 20 words selected. The list words ranged in number from 10 to 25. The words were selected as a result of pilot trials of the passages with several pupils who were not part of the study. These pupils were asked to read the passages orally. Their misreadings of words were used as a guide to the selection of target words. Other words were selected by us because they seemed as if they might provide some difficulty.
To assess comprehension, 12 questions were devised for each passage; 8 were factual (explicit), and 4 were inferential (implicit). The explicit questions could be answered simply by remembering what was in the passage. The implicit questions required the pupils to combine text details with their own general knowledge, so as to make inferences and draw conclusions (Nicholson & Imlach, 1981; Pearson & Johnson, 1978) . These questions were designed to quiz pupils on what was in the text, without focusing too much on prior knowledge, as prior knowledge questions can often be answered without reading the text at all (Pearson & Johnson, 1978; Raphael & Wonnacott, 1985) . All of the questions were checked by two other persons to ensure that they fit the explicit-implicit categories.
The process of preparing the explicit and implicit questions was done independently of the selection of the target training words, but sometimes the answers to questions did include training words. The extent to which this happened varied from passage to passage. In some passages, only one or two target words were part of the expected answers, whereas in other passages, up to five or six target words were part of the expected answers.
Procedure
In the single-word training condition, each pupil was taught to recognize each target word by using flashcards. Each word, printed on an index card, was shown to the pupil to be read aloud. If the pupil could not say the word, it was then shown in a two-word phrase, which was written on the back of the index card, to help understand its meaning (e.g., if the word was "lemonade," the two-word phrase was "lemonade drink"). These phrase contexts were not taken from the test passages, but were different contexts altogether, so as not to give pupils any cues as to the meaning of the test passages. In addition to this minimal context, the movingthumb-across-the-word method was also used, in which the pupil read aloud one bit of the word at a time, so as to pronounce the word correctly. These short context cues were given only when the pupil had trouble with the meaning of the word during the first trial of list words. Once this was clear, the pupil was trained to read each word on his or her own, without the extra context. The phrase contexts took up only a small proportion of the training time. The vast majority of training time involved the use of single-word flashcards.
The flashcard training continued until the pupil could recognize the word on each card in approximately 1 s. This was usually achieved within a 20-min time frame, which was the time allocated to each training session. After the training, a randomly ordered word list, made up of the target words, was given to the pupil, to read as fast and as accurately as possible. Every effort was made to have pupils read each target word in less than a second. The criterion rate in Fleisher et al. (1979) was 90 words per minute or less, with at least 95% accuracy. In our study, if pupils did not meet this criterion, training would continue, along with retesting on a differently ordered list until the criterion was approximated, or until training time ran out, whichever occurred first. If the pupil could read within one word per second, this was acceptable. The training on the word lists was kept to within approximately 20 min for each session, which meant that there was only a limited amount of time to bring about an increase in speed. As a result, the Fleisher et al. criterion was not necessarily achieved for each pupil.
After the word list, the pupil was given the passage from which the target words had been taken and was asked to read it aloud. The pupil was told that some questions would be asked about the passage after it was read. The time to read the passage and the number of errors made were both recorded. If an error occurred while the pupil was reading aloud, the pupil was not usually told the correct word, although some helpful prompting was given if the pupil halted on a word while reading. Prompting was done in general terms (e.g., "try to work it out if you can"), without giving clues that would directly assist word recognition. Words recognized correctly with prompting were scored as correct. The pupil was then asked orally 12 comprehension questions relating to die story. The pupil would respond orally rather than in writing. All responses were recorded. The session ended by asking the pupil to retell the story orally. To help start recall, standardized prompts were used (e.g., "If you go back to class, and the teacher asks you what the story was about, what will you say? It was about...? And then ...? What happened next...? After that.. .?")• If these prompts failed, other prompts were as follows: "What happened in the first part of the story? The middle part? The last part?" The responses were recorded for later analysis.
In the phrase-training condition, pupils were shown mostly phrase cards, but sometimes sentence cards, containing the target words from the passage they were later to read aloud. The phrases or sentences were designed to show the meanings of each target word, taking care that none resembled phrases or sentences from the test passages or from the questions following the passages. The target words were not underlined or highlighted. The pupil was instead shown the target word in each phrase or sentence and told that it was an important word to focus on. For example, the target word "lemonade" was taught as part of a long phrase written on the flashcard: "A cool lemonade drink." This was not a phrase that occurred in the test passages. In the case of the target word "raspberry," this was taught as part of a sentence written on the flashcard: "I like raspberry jam on bread." As in the single-word training, pupils were given help with pronunciation if necessary. Practice in reading these phrase or sentence flashcards continued throughout the 20-min training session, with the aim of achieving the preset criterion rate of 90 words per minute. At the end of the 20-min session, the phrase-trained pupils were given the list of target words to read. As in the single-word training, time to read the list and number of errors made were both recorded. The pupils were then given the passage corresponding to the target words, asked to read it aloud, answer comprehension questions, and finally retell the passage in their own words.
In the control condition, pupils were trained for the same amount of time as for the other conditions, although they did not see the written forms of target words until they were tested on a random list at the end of the training period. The target words were each read aloud to the pupil, who was then asked to explain what the words meant (e.g., "What does lemonade mean to you? Can you say it in a sentence? If you can't, I'll say it in a sentence and you tell me what it means in my sentence"). After listening to and discussing the words for about 20 min, the pupil was given a randomly ordered list of the words that had been discussed and was then told to read them as quickly and as accurately as possible. Only one list reading was given to each pupil. As was done for the other groups, reading time and number of errors made were recorded. Each pupil read the corresponding passage, answered questions, and retold what he or she could remember of it. The control children were thus exposed to the same words, taught for the same amount of time, and were able to discuss the meanings of the words, as was the case for the other groups. However, they were not given the same training in rapid word recognition.
The training sessions for all three groups were approximately 20 min in duration. As in the Fleisher et al. (1979) study, pupils who did not meet the 90-words-per-minute criterion on the first list testing were given more training and then were retested, using a second, randomly ordered list of the same target words. This was done only if the first list testing was completed within the 20-min time limit, in which there was time allowed for additional training. If pupils met the 90-words-per-minute criterion on the first list testing, they were not retested. The control children, however, were given only the one testing on each list. Unlike pupils in the other conditions, they were not expected to reach a preset criterion. The criterion of 90 words per minute was not necessarily achieved by each pupil, inasmuch as there was a 20-min time limit to the training sessions.
At the end of each of the five training sessions, each child in the study was given a questionnaire that had a Likert scale format.
There were four questions, including "Did you like the lesson?" and "Would you like to come to another lesson?" After each question, the children were shown five different pictures that illustrated a dog in various postures ranging from excited to sad. The children were asked to put a circle around the picture of the "puppydog" that matched their feelings. They then took the questionnaire back to class to share with their teacher. The purpose of the questionnaire was to ensure that the pupils were enjoying the sessions and were not getting bored or dispirited as a result of the special teaching, especially the flashcard practice. Teachers checked the questionnaires after each session to ensure that pupils were not getting bored or dispirited. Pupils responded well to the training sessions. They were happy to compete against themselves, in a one-to-one situation, to see how many list words they could read at the end of the training session.
The 12 comprehension questions (8 explicit, 4 implicit) were scored in two ways. In the first way, the answer had to be exactly correct. This was the strict scoring criterion. In the second way, answers were scored as correct if they were fairly close. This was the lenient criterion. These two scoring methods were intended to pick up precise as well as reasonable comprehension. The passage recall responses were scored out of a total of 8, with separate scores for details (up to 4 points given) and for overall gist or message (up to 4 points).
A detailed marking scale was constructed for both the comprehension questions and the recall task. The marking scheme was used as a guide for all of the children's responses. For strict scoring, the pupil's response needed to be very close to the literal text. For example, in one story with imaginary events, children were asked, "What was the hat made of?" (in the passage, it was made of orange peel). With the strict scoring criterion, only "orange peel" was acceptable. An incorrect answer would be, for example, a response such as "banana skin." With the lenient scoring criterion, a reasonably close answer was acceptable. For example, another question was "How did I get up 10 stories high?" The words in the passage were, "I was allowed to choose some special shoes which walked on walls and ceilings. I went up like a fly, 10 stories high. It was a fantastic feeling." The correct answer was "because of my special shoes." But if the pupil said, "with the sticky bit on the bottom," this was accepted in terms of the lenient criterion. The answer was plausible, although it was information that was not stated in the passage and had been inferred by the pupil.
The marking scheme for recall responses was also very explicit. For gist scoring, there were four main points that were scored for each passage. Pupils got a mark for each point. The method for scoring children's recall of details was to give points for number of details, from a score of 1 for one detail, to a score of 4 for more than six details.
All responses were scored by the researcher and another marker, with very few instances of disagreement. The second marker was uninformed with respect to the training conditions. The answers to the comprehension questions were explicitly set out in the marking scheme. The answers expected for gist recall were also set out in the marking scheme. Cases in which differences of opinion occurred were resolved through discussion until there was 100% agreement.
Results
The results of the screening tests are shown in Table 1 . The data for reading rate, accuracy, and comprehension are expressed as reading ages. Several pupils did not achieve raw scores high enough to be assigned a reading age, and so •olds, N = 4; 8-year-olds, N = 4; 9-year-olds, N = 3; 10-year-olds, N -3, 27.
c Maximum score for Bryant test is 50. d Maximum score for Roper test is 42. each group: 7-year-N = 39, df error = they were dropped from the analysis. For reading rate there were 2 such pupils in each condition; for reading accuracy there was 1 pupil in each condition. This reduced the sample to 36 for reading rate and 39 for reading accuracy.
Two-way analyses of variance (ANOVAs) were carried out for each of the screening measures, looking at the effects of conditions, age, and their interaction. There were no statistical differences among the three training conditions on any of the measures, although there were differences among the age groups on all of the measures except rate of reading (p = .10). There were no interactions for any of the measures, indicating that reading levels within age groups were evenly spread across the training conditions.
These screening results suggested that the matching procedures in allocating pupils to the three training conditions had produced three groups of children with similar reading levels. The results also confirmed the status of these children as poor readers, in that the reading ages of children in each group as measured by the Neale Analysis of Reading Ability were well below their chronological ages.
The Bryant Test of Basic Decoding Skills, which is not a standardized test, has 50 items. The results showed very low scores for children in all conditions. For example, Juel et al. (1986) , using survey data from a sample of 80 second-grade children, reported a mean score of 30.6 for the Bryant test at the end of second grade. In contrast, mean scores for children in this study at the 7-year-old chronological age level were 1.25 for the single-word condition, 8.25 for the phrase condition, and 3.25 for the control condition. The mean scores of older children in this study were also in line with the mean scores of poor readers reported by Juel (1988) . The phonemic awareness test, which also is not standardized, has 42 items. Results showed that the pupils in this study were approaching ceiling at the 9-and 10-year-old chronological age level. However, the mean scores of 7-and 8-year-old pupils in this study were still well below the mean of 36.3 for end of second grade, as reported by Juel et al. (1986) .
In this study, we used a randomized block design, involving 42 pupils assigned in matched triplets to three conditions. This meant that the triplets could be incorporated into each analysis as a blocking factor. The design thus involved 14 blocks, three conditions within blocks, and five repeated measures corresponding either to lists or passages. Because the triplet information was not relevant to the goals of this study, we will report only the main effect of conditions, the measures linear trend component, and their interaction. For all analyses, significance probabilities of p < .05 andp < .01 are used.
The results for speed and accuracy are shown in Table 2 . A series of repeated measures ANOVAs were carried out for each dependent measure, that is, passage and list speed (reported as words per minute), overall passage accuracy (reported as percentages), and proportion of correctly read list words, also read correctly in passages (reported as percentages). Means for accuracy of reading words in lists are reported in the text. No analyses were carried out inasmuch as there were only perfect scores (i.e., no variance) in the single-word and phrase conditions. (The corresponding mean level of correct list-word reading in the control condition was about 50%.)
There was no difference among the three conditions for speed of reading in context (i.e., the passages read aloud). Trie nonsignificant conditions effect appears unusual but is understandable if we consider that the trained words represented no more than 8% of the passage words. Thus, any effects of the training would be washed out by the large number of untrained words that had to be read aloud in the test passages. Although the linear component of the passage main effect was not statistically significant (p = .07), the interaction revealed that the speed of children in the singleword condition increased more from Passage 1 to Passage 5 relative to tnat of children in the control condition, f(13) = 2.61, p < .025 (see Figure 1) .
The results for speed of list reading showed only a conditions main effect. Follow-up contrasts, using Fisher's least significant difference (LSD) procedure (Levin, Serlin, & Seaman, 1994) , showed that the single-word and phrasetraining groups had statistically higher scores than did the control group. There were no passage or interaction effects.
The mean scores for reading accuracy of list words in passages (not presented in Table 2 ) showed an advantage for the training conditions over the control condition. The training conditions had perfect scores (100%) for all of the list words in all five passages, whereas the control condition did less well ( The results for accuracy of passage reading produced a conditions effect. Follow-up LSD contrasts showed that both groups of trained pupils were more accurate than the control pupils. There was improvement across passages, and this did not interact with conditions. A possible concern with the results so far is that children in the two trained conditions were not only faster but also more accurate than were children in the control condition. Thus, any possible effects of the training on reading comprehension could be attributed to differences in reading accuracy rather than speed. To take account of this concern, we equated children in all three conditions with respect to their individual list-reading performance. To do this we restricted our analysis to only those list items that pupils in all conditions read correctly. For each child we calculated the number of list items correct and then checked to see how many of the correctly read list items were also read correctly in the corresponding passage. We did this for each of the list and passage items. We then calculated the percentage of correct list words that were also read correctly in passages. For example, if for one set of list and passage items, the child read correctly 10 items out of 20 on the list, and then read 6 of those 10 items correctly in the corresponding passage, we would calculate a conditional percentage by dividing the 6 items read correctly in both list and passage by the 10 items read correctly in the list (i.e., 6:10) and then multiply by 100 to convert the proportion correct to a percentage correct (60%). Using this metric, we were able to compare relative accuracy of list reading with relative accuracy of passage reading just for those items that each child had read correctly in lists.
If the effects of flashcard training were associated only with reading accuracy, then we would expect that children in all conditions would show a similar pattern of list and passage percentage scores. If the effects of the training extended beyond accuracy, in that children in the two training conditions had achieved a degree of automaticity of recognition for the trained items, then the trained children would be able to transfer these skills to passage reading and, as a result, would be able to recognize correct list items more easily in passages than would children in the control condition. The automaticity component of the flashcard training would have given children in the two trained conditions an edge over children in the control condition. Table  2 (List/Passage section) shows results for the percentage of words read correctly in lists that were also read correctly in passages. The ANOVA showed a conditions effect. Follow-up LSD contrasts showed that both training conditions had statistically superior scores to the control condition. There was improvement over passages but no interaction of passages with conditions. This result revealed that the control pupils were less accurate than the trained pupils in passage reading even for the words they read correctly in the lists. Thus, it appears that flashcard training effects extended beyond accuracy.
The trained pupils had learned the list words so well that they were able to transfer their list-reading skills to the passages more effectively than were the control pupils. These findings suggest that even if all three conditions had achieved similar levels of accuracy in the reading of list items, the control condition would still not have done as well as the training conditions in passage accuracy because they had not experienced the benefits of overlearning that were associated with speed training. Thus, possible effects of flashcard training on reading comprehension cannot be fully explained by the existence of differences in reading accuracy between the two trained conditions and the control condition. Table 3 shows results for comprehension questions. For explicit questions (strict scoring), there was an effect for conditions. LSD contrasts showed that both of the trained conditions were superior to the control condition. There was no passage effect, but the linear component of passages interacted with conditions. Compared with children in the control condition, children in the single-word condition improved more over passages, f(13) = 3.20, p < .01. For implicit questions (strict scoring), there was a statistically significant conditions effect. Fisher's LSD contrasts showed that both trained conditions were better than the control condition but that the phrase condition also performed better than the single-word condition for these implicit questions. There were no passage or interaction effects. When the lenient scoring criterion was used, the results showed a similar pattern, except that the advantage of the phrase group over the single-word group for implicit questions was not sustained. The results for total scores showed significant conditions effects for both strict and lenient scoring criteria. For strict scoring, Fisher's LSD contrasts showed that the two trained conditions were superior to the control condition and that the phrase condition was also better than the single-word condition. For lenient scoring, Fisher's LSD contrasts showed that the two trained conditions scored better than the control condition but that there was no advantage of the phrase condition over the single-word condition. There was no passage effect for either strict or lenient scoring criterion. However, the linear component of passages interacted with conditions for strict scoring. Fisher's LSD contrasts (p < .05) showed that, compared with children in the control condition, children in the single-word condition increased their scores more across passages. (Note that control students actually exhibit a descriptive decrease.) There was no Condition X Linear Passage interaction for lenient scoring. Table 4 shows the results for passage recall There was a significant effect for conditions for both gist and detail. Fisher* s LSD contrasts for both recall of gist and recall of details showed an advantage for the two trained conditions over the control condition. For recall of detail there was also a linear passage effect, revealing a general increase in scores over passages. There were no interaction effects for gist or detail. The results for the combined gist and detail scores (total scores) showed a somewhat different pattern. There was a conditions effect. Contrasts showed that both trained conditions were better than the control condition. Although the linear component of the passage effect was not statistically significant, its interaction with conditions was. Fisher's LSD contrasts revealed that both trained conditions exhibited greater linear increases than did the control condition, both ps < .5.
Finally, the results of the puppydog questionnaire were analyzed by categorizing them according to whether the dog looked happy, looked so-so, or looked unhappy. For Question 1 ("Did you like the lesson?"), 100% (n = 42) of the group gave "happy" responses. For Question 2 ("Do you feel good after reading the story?"), 95% (n = 40) were happy. For Question 3 ("How do you think the teacher feels when you read?"), 85% (n = 36) felt happy. For this question, "teacher" refers to the experimenter. For Question 4 ("Would you like to come to another session?"), 93% (n = 39) indicated they were happy to do so. These results indicated that all of the pupils in the study enjoyed the teaching sessions, although the answer to Question 3 indicated that they were a bit uncomfortable about the assessment situation at the end of each training session, when they had to read a passage aloud. Because they were all poor readers, this reaction was understandable.
Discussion
The results of the study showed that pupils who received word training, whether as single words or as words embedded in phrases and sentences, significantly outperformed the control condition on all measures of comprehension. These findings were different than those of Fleisher et al. (1979) , who found that reading comprehension scores of a group of trained poor readers did not benefit from rapid decoding training, compared with a group of untrained poor readers, even though the trained students were faster and more accurate in their reading of trained words.
In the Fleisher et al. (1979) study, and in the present study, a possible weakness was that the trained and untrained conditions differed not only in speed of reading, but also in accuracy. In the present study, it may also have been differences in reading accuracy that influenced the comprehension results, rather than simply the effects of rapid decoding. Yet our analysis of conditional percentages of list words read correctly in passages that were also read correctly in lists showed mat children in the two training conditions read correct list words better in the passages than did children in the control condition. Thus, it seems that the training emphasis on accurate and quick word reading (and overlearning) was more important for improved comprehen- 3.74* sion than was accuracy on its own. It may seem odd that the control students might misread words in passages that they had read correctly in lists. But this phenomenon is sometimes reported by teachers; that is, poor or novice readers will read a word correctly one day but be unable to read it correctly another day (Gough & Hilhnger, 1980 ). In contrast, the trained pupils had seen the list words many times and had been able to internalize them in memory so well that they were able either to recode them when they encountered them in passages or recall them in their orthographic forms.
Looking back at the Fleisher et al. (1979) study, we note that their trained poor reader group was, like ours, both faster and more accurate than the control group of poor readers. Even so, their trained group was not statistically better than the control group in reading comprehension. What is encouraging about the results of our study is that we did find a statistical advantage in reading comprehension for the trained poor readers relative to the untrained poor readers, in addition to their advantage in both speed and accuracy.
Why should the present study have found training effects when other studies, such as Fleisher et al. (1979) , have failed to do so? One possible explanation is that the poor readers in our study had received reading instruction in a school that adhered to a very strong whole-language philosophy. When it became clear that our training program would involve teaching of words in isolation, the school became very concerned that such instruction would negate what they were trying to achieve. In the whole-language philosophy, children read words only in context, as in a story. They are encouraged to read for meaning, using context and picture clues, with use of initial letter clues only to confirm their predictions or guesses as to the meanings of words. Because the poor readers in our study had not received explicit phonics instruction, they may have differed from pupils who participated in previous studies of the effects of flashcard training. The positive results of the puppydog questionnaire suggest that the pupils in this study may have been more open to this kind of speeded wordrecognition training than was the case in earlier studies, in which the training may have seemed less novel. It is also possible that speeded word-recognition training, when added to the whole-language emphasis on reading for meaning, made the effects of the training more pronounced than in previous studies.
A second possible explanation for our pronounced training effects is that the difficulty levels of passages in our study were pitched closely to pupils' reading levels. A total of 25 different passages were used to enable this to happen, with passages only one year above the reading levels of pupils, whereas in Fleisher et al. (1979) , there was a 3-year gap between the reading levels of the passages and the reading levels of the pupils.
A third explanation is that meanings of words were explained as part of the training for all of the pupils, so that there would be no question that all of the pupils, including those in the control condition, would be able to understand what they were decoding. Even pupils in the single-word training condition were given explanations of the meanings of words when needed, even though they were trained with flashcards containing just single words.
From a theoretical perspective, the results support the bottleneck hypothesis in that increased decoding efficiency would necessarily lead to improved comprehension. This is an important result in that our training study shows a causal relationship between rapid decoding and reading comprehension, whereas most other studies have only obtained a correlational relationship (e.g., Hogaboam & Perfetti, 1978; Perfetti, 1985) . From a teaching perspective, the findings suggest that extensive drill and practice of meaningful words can be an effective means of relieving the processing bottleneck in reading that occurs when limited attentional and memory resources become overloaded (Perfetti, 1977) .
The training of words in sentence context was sometimes more effective than single-word training, especially for implicit questions. Nevertheless, the effects of each kind of training need to be explored further. There was more variability within the phrase-and sentence-training condition than in the isolated words condition, which suggests that there are individual differences in the effects of each training procedure. It could be that the phrase training is more helpful for children who are reading at the 8-to 9-year-old level. There is also the possibility that, for some pupils, phrase training is less likely to produce speeded word reading than is single-word training.
Because the phrase-and sentence-training condition also had similar speed and accuracy of word recognition to the single-word condition, it appears that there was enough time in the sentence-training condition to reach the speed and accuracy criterion, as well as to provide information on word meanings in context. This bonus, however, would have been insufficient without the parallel gains in speed and accuracy of word recognition that came from the flashcard training. This can be seen from the much lower comprehension scores for children in the control condition, who also received instruction in word meanings but were not trained in rapid decoding.
The effectiveness of combining the concept of overlearning (i.e., extensive drill and practice) with word training lends support to the arguments of Gilbert, Spring, and Sassenrath (1977) and Bloom (1986) that overlearning is necessary in the development of automaticity. Bloom found in his study of successful sports persons that athletes who became Olympic champions had overlearned particular motor skills. The concept of overlearning also seems applicable to the development of reading skills. We found that pupils' ability to recognize words improved rapidly with practice. These results are in line with those of Gates and Boeker (1923) , who found that preschool children learned on average 175% as many words on their fifth session of practice as on their first.
The flashcard training in our study did enable poor readers to read words faster but may not have produced automaticity of word recognition. The concept of automaticity involves not only speed but lack of attention. Lack of attention implies that there is virtually no mental energy applied to the task of word recognition and that word-recognition processes are inflexible in the sense that they are outside our voluntary control (Jonides, NavehBenjamin, & Palmer, 1985) . To assess automaticity, we would need to use a Stroop Color-Word Interference Test task. One assessment procedure might be to ask pupils to name pictures that have semantically related words printed on them, to see if the printed words interfere with their ability quickly to name the pictures (Ehri, 1987) . Another procedure might be a dual attention task in which the pupil is asked to match words according to whether or not they mean the same, while monitoring a tone (Holt-Ochsner & Manis, 1992) . We did not do this. Thus, our data apply only to the training of one aspect of automaticity.
The results of this study support findings that less skilled and beginning readers do not recognize words as efficiently as do skilled readers (Gates & Boeker, 1923; Gough, 1993; McCullough, 1955; Samuels & Jeffrey, 1966; Wiley, 1928) . Less skilled and beginning readers often perceive words by trivial details, for example by remembering the dot over the letter "i", or the tail-like appearance of the descender stroke of the letter "y". To compensate for decoding problems, poor readers also rely on context clues to help with word recognition (Nicholson, 1991; Stanovich, 1986) . In contrast, skilled readers are able to process words completely, without relying on context, because of their knowledge of lettersound relationships.
For many years now, the use of flashcards for instructional purposes has been seen as an ineffective technique for improving reading skill (e.g., McCullough, 1955) . There is some justification for such suspicion, in that pupils who lack decoding skills, including beginning readers, rely on extraneous cues for word recognition, such as a thumb print on the flashcard. Gough (1993) has shown that this does indeed happen among beginning readers. The use of flashcards, therefore, should be used as a supplement to training in the teaching of phonemic awareness skills and letter-sound relationships. A number of studies have found that initial training in phonemic awareness and the learning of lettersound rules can get children off to a better start in reading and spelling (e.g., Castle, Riach, & Nicholson, 1994; Nicholson, 1994 Nicholson, , 1996 Nicholson, , 1997 . In short, the use of flashcards alone will not provide the basic skills required to become a good reader, although it is possible to improve speed and accuracy of specific word recognition (e.g., Lovett, WarrenChaplin, Ransby, & Borden, 1990) . Pupils must first acquire the ability to decode (Vellutino, 1991) . What flashcards can do, once decoding skills are developed, is provide opportunities for practice and overlearning, which is necessary to make progress in reading. Other procedures, such as repeated reading, can also provide pupils with necessary practice in word-recognition fluency and speed (Rashotte & Torgesen, 1985) . Once pupils find that they are improving in rapid decoding, they will be encouraged to do even more reading, which in turn will provide the very practice that will enable them to become good readers (Stanovich, 1986 ).
Finally, with advances in computer technology, training procedures for speeded word recognition have become more interesting and more sophisticated than flashcards Torgesen, Walters, Cohen, & Torgesen, 1988; Van Daal & Reitsma, 1993; Van Daal & Van Der Leij, 1992; Van Den Bosch et al., 1995; Yap, 1993) . There is also evidence that computer training can be effective in improving fluency. Reading-disabled pupils, using a computer-based reading system in which they could get speech feedback on request for words they did not know, were able to improve their ability to recognize those words (Olson, Wise, Conners, Rack, & Fulker, 1989) . Rashotte and Torgesen (1985) were able to improve poor readers' fluency by having them reread several times the same story presented in a computer format. This procedure was well liked by students, even though it involved repetition. Van der Leij and Van Daal (1989) also found that repeated practice in reading of isolated words, using a computer screen format, improved poor readers' ability to read those words. Today, with a computer in nearly every classroom, such programs can provide individual help where needed, without consuming too much of the teacher's time.
This need to explore ways of improving the fluency and accuracy of children's reading is supported by recent survey results, based on more than 1,000 fourth-grade pupils, showing that more than 40% of the sample were unable to read grade-level material, even at a second reading, with adequate fluency and accuracy (Pinnell et al., 1995) . These data suggest that many children are not getting the benefits to reading comprehension that fast and accurate decoding can bring.
To conclude, the present study has both theoretical and practical significance. From a theoretical perspective, the study provides support for the concept of fast decoding as an important factor, although not the only factor, in explaining the difference between good and poor reading comprehension. From a practical perspective, the results of this study support instructional strategies that offer opportunities to develop speeded word recognition.
